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(57)Abstract: 

PURPOSE: To provide the PZT thin film having a prescribed compsn. 
and crystal structure by supplying incident lead on substrates in an 
excessive amt in such a manner that the films attain prescribed 
stoichiometric compsn. ratios at a high substrate temp, by using targets 
of prescribed combinations. 

CONSTITUTION: The films are deposited on the substrates 30 while a 
substrate holder 28 is rotated at 30rpm speed by supplying 300W 
electric power to 3 pieces of the PZT targets 16, 18, 20 and 0 to 45W 
electric power to one piece of the PbO target 22. The thin films of the 
single phase of perovskite are obtd. when the incident atomic flux ratio 
of the lead on the substrates is controlled in such a manner that the 
Pb/(Zr+Ti) ratio in the film attains >1 at 700° C substrate temp. 
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(57) imm 

[ttdcl 3lOPZT^-y'vM 6, 2 8, 2 0te: 
3 0 0W^MSAL, 1 flQP bO*-y«y h 2 2 
ICO- 4 5 OW<D^±|£&ALT, ifi^V?~2 8$: 
3 0 r pmeoMTEftS-e&tf 5* M4£3 0±£M£ 
Ii£«2i±fc 0 »EffljSttf7 0 OtWiT?, j&*T'<DPb 

/(ZrfTi) fcbtf l CLLtcft S J; ■? 




(2) 



nW-V 6 - 5 7 4 1 2 



1 1 «tt<0*-y v b**'W* 'J >y-T5 
c £ tc£o TStfi fcfc P Z T ?f RfcfttW 

Co) ^-y-yht^ ^}h-^^>h^;i/n- r >A^3 
(m) OO^r— y*y Hiffe4>£— b £ 

(-) aiROftSMHi. »KS4o)»Lft*^s io 

HS^3] fftOKfk^^-y-y b£r 1 fl^i:. »h 

-fv hoiBw*o*--yy b^>«ft^a«]j: t) 

[^R^5] »OHfk*B<0*-y»y bts v/^--'; 
AOIMbteKO*— ^7 bS^& v h^Vnn^Aco^fk#i 

ffc»<o*-yy b&^t^^vos^{k^co^-y«v b 
H**^ifi] *^-y-y hfcro*irr 

ft^ME^K^SKJttf i ■ 5-10 o*EH-C*&& c 
ClW*JK8] SfiiStAM 5 0-80 OXcD&Wft 

m$Z% s ] £ > £ ^1/ n - C i^fciT* JsMSffc L fc 
»0»«A»ll[ : / : *Jt**J«i-raci:fc:j:t), 

nrm ^wa^urfaa:^o^x*^bffio^*e, 
*T 5 c £ •* a if *W i SSK^^jSo 



**Siap«6fl:S-!6i»it^-;l/ H^EBi"5 c t ««flt 

(n) *jt»yy b*c9ifti , rs«^j*J4."frjr:*|»iT?*S 
(^) JtK*ttU»b**^. iw^^-y^Mdic 

committtifo* tmsLfrzoM 

So 

[0 0 0 1] 
[0 0 0 2] 

[^*^>Slfi] *7t^»ffc:®ia0l**o-fflTfe4 p b 

(Zr. Tl) 03 (WT, PZTfc^o ) 

'j-^wBffl*afeLTS«frcw?£3rn-r^5o pzt 

[0 0 0 4] DRAMWm/^^a»fcLm P 

1 0 0 0W±Tfe^ Ml^ntV^ S t 02 
OSI** (£ = 3. 8) «v^H* 

6 4Mtf>y b~l Gtf y bODR AM) 

[0 0 0 5] ^»58ttRAMfiiWW»i:LTli, 



(3) 



f$#H'-6-5 7 4 1 2 



Os tt«WJ*E = OT*<DiH, Kte«S?»Hi*PJfflLT, 
[0 0 0 6] CWP Z T«»B{tflSBtLT{±, X;*<y 

Minnie cn&o«w^ri5E«^^ itiSfboK 
j«^5**f-rS4:, X^-y * ij 

J; ? £: * & o □ 
[0 0 0 7] 

#A/& — V*y Y*m^rc$Lm&-?& : & (Japanese Jnurn 
al of Applied Physics. Vol.30 (5). 1991, pl034) a 

[0 0 0 8] L*>U ±2©]|^5/>^I/>-yy 

( 1 ) -y-y r±K«a*Tl^ 

(2) fttcwr^ntt&Hfett* K»Rji*B*U:fei3ci 

^ n PZ T?f Ri&as-growittlB-e^ayX*^ rtg<Dm 

(3) AJB«frOffiW*B«rt-acfcfcJ:oTIKia«* 

t) T?«ti*>-T&L, £fcX/^y£'J >y#XJE#± 
( 5 ) XfcEH/^c U r * -f >r < y £ >J V 9 K 

b&Mtfmit-rZo xmomxomgi 

li X / W * U > ^*fl= tc o T gffc; L % ^nab^ff «BS 

^^tt5tX7 i U^Xll*i:LTJ:<ai^nTV^ a 
Xf'J *>XS!fc/)»k i: S JKO BWfeWBt 
[0 0 0 9] -ST, hX/<-v 
*y^yttfiD^2 075i£fcUTtt. 0jjW>J*g*tf*e 

h h<0SM£Pb (Z ro.s Tios) 

03 -H 5%PbOT^5 0 ) *3pJJfl-rS^i*3b^« tt 



xtended Abstracts of the 1901 International Confer- 
ence on State Devices and Materials. Yokohama. 199 
1, pl95) a 

[ooio] c otitic J:4x», #*5<*£-y-y b*m 

(20 or) TK^resiu foi, ^flT^iM-rs 

(6) jtt3Bfl:5r-yy £~y*y rffi#tf[?32: 

(7) «S«ifi*TOBI^OPb<0^^afl»^:fc»i>. 
^jffi^«& ; ^J^^T^^:l\ as-growriKfri-^n 

20 (8) PZTMK*JtSHiL ^^T'W5t IB 
[0 0 1 1] CCOJ^tC, k »W-^hX/^^ 

0»»«5fiOB8*AXWJc!BiJ«iLTff»''r* c fctf-c* 
[oo 1 2] 1 «<DP bO^-^v r 

i^y^Tl^-S (Japanese Journal of Applied Physics vo 
1.30. 1991. p2152 -2154) a 
[0 0 13] CWtfttk^tltf. PbO^-^hfcP 

z t &—*fv h t tSA-rs*»as«*i^wi»-r« c t 
?flS5 o orcot^, fe«*ff"ett-?urx*-rhflijg 

(9) PbO^-y^ r©X^y*i*'-MiP ZT^- 
40 y^y h«X^7^l/- htCj:t^T^tCiS5V^ J£P^ScO 
^JSft-^fi. Rl— *^T-X/^'y PbO^ 
-y^y hiOX^^^U-hfiPZT^-y-y hOX/Vy 

«SXfAtfi oowJMTi?**, SXt*fc^*i/ 

[0 0 14] LfeA^T, PZT£PbO£HH<D£- 
y*y h«j«T?«, PbO^-y7 h*ciaA^«***J± 

60 ;&IE&£A^ £ie£oT, Pbo^-y'^(c 



(4) 



f£P4]^6-5 7 4 12 



sat zmji &&2>mm±2 < *%> cttf^zzn* 

[0 0 15] 
[0 0 16] 

Of) 3TOi.C5^-y^ h^^o 

(n) yyhli, j!0i:f^yt^-^Air)3 

^-^7 h(cjnatc*Hpi-rscfcp{*:fifi*»»s-e:So 

[0 0 17] *»i^VTPZTfc(iv Pb (Zr, 

^x^j^b^ts. ;wn^prm s«t^cn?)0 

ti, Pb: (Zr+Ti) : 0= 1 : 1 : 3 T*££ 0 Z 

cDPZTT&Zr : T I - 0. 5 : 0. 5<D£#lc^i 
W1^^5i:^9f-^^S^ »JgcQPZTi? 
ti. C tiW^D WTMWi^^^ ^i^t ^" ^) i 



fcWJRcorW/iffii: LTii E D X <D«*>^ X«In]#f«J 

if, W«»JQ:lslifffc?--^**flJ-r*ci:tJ:oT, 
«Jfi*rriJS"rscfcA«T** 0 *58B8-FfVBlLfcP 7.T 
»BHco(,^rXI»lBl«ll!l£*fT'3 ±a5WE DX»]S 

IHfc LTti, W£©fc¥»IM«*3*fifi#fca<D P z 
10 T tittle, 3fffi<Otta*|JBic&-3TU^ft\i^fl5»fe«EL 
T^5Ci:«S«LTl^o PZTWBtOABB 
S?x«n^ft^WSi"*^ E 
D X *J3!T» ^> ftfcfiSttfcW Lfc P b ^jfi*J t & T I * 

»^#snr^sjfe^ftPZTjfMfc. 

>fcSMo-^A<D3rc*0 5^<04>fc:< ilt- OOi 

ao [0 0 2 0] *5HH-ett*5'-y'y Ki*n*tv-(*<fc 
-?*S B tinier. *-y>y htt%*Wfc:*?ft«ti. 

T s ±jSOffi«a«0 (1) - (3) <DP3S*<»8fc£n 
[0 0 2 1] ^2 <D^Wi> 58 1 £0^tcfcl>T, &}<D 

CW^frlC, Pb20s PbsCU, PbaOj. P 
^-y-y hi:UT^i. ftSm&t.0£'Vl'*:Ktt<DP Z 

[0 0 2 2] *5fiW?j±, »oiwfc»©*-yy hox 

50 $mtc±z^tt&4tm\,T* ®v>mm<nz->fvv 



(5) 



MrHPF 6 - 5 7 4 1 2 



[0 0 2 31 S3©RH8tt, SS2*Of6Wfc:i3i^T, »0> 

i/^o WAtf* P bO#— y»y h 1 fifc. PZT^-y 10 
[0 0 2 4] 35 4 <D«HBH\ S 1 <03figWK:*lV^ «5^0 

ti^o ib^sif twsicot >t &x 2 ©swi-ea^fca o 

SGil^^i-^Aa^fh^^-y^ hhLT 
ti, PbZr03^^ f^>«titLTtt 
T10, T 12 0s. T i 02£ffll/*£CfctfT#So » 
^>^i»^-y'V hi:Lm PbTiOa 

2it^i/^i^ p bo^-y-y h i flah, Pbz 

r03^-y7h2it, PbT i 0 3 #-y»y bZflfc 
[0 0 2 5] SSO^fi, mi^MH^^U^T, KSO 30 

•ft*©*— y-y Ffc* ^;l/a-^^S6ft:^^— y 

^&<fct-a«fc, **>o*{fc«j©*-y * hi& 

>yK £*m*<\ &<DmfcVb<DZ~-Yv h<n®®Lm&<D 

&^-?&£a *»W««i:L/ri±, PbO^-y-yhl 
mts Z r O2 ^-y-yh ififc, TlO^-y-yhl 
{Pj£, P ZT?^ h 2flfc*fflt^CWPt*o 
[0 0 2 6] S6tO«Wi> 

tt* w»-r *>ct a £ lti^o r - ^ a t 

# ftBSffl 3 ft 0 tc - ^7 A h -7- 2 > i: tfgjgfc: A&T m 



-5lOtt$T6-5o $*-y-y HcBta*- 

[0 0 2 7] S 7 »6<0«RHk:*5t^T, 
1. 5— 1 0<DfQWc;fc£fccDT&oT. Bi^T^X ^ 

i*t72>totoT?mkitisrcm<Dm*<Dm?iti± 1 . o 

t?fc^o «©ii£A»K : FjKtt* i . 5~ 

•y * 'J z/i!XEl3<0&ft t l*mL<0&Wm?ti:* r> XW\ 

[0 0 2 8] Sg8 0»Rati, ZSKnftWlCls^T, Sftc 
MW4 5 0-8 0 O'Cn&mft'V, Xs^y$V>?i3 
XCOQE/J^O. 1 ~4 0 P a %«r» 

«o cntcj;*?, ffi*o^»y;u^-y-y 
h x/vy ^ u vy?*Tfc±?53Btta< w^tift*^ ft p z 

[0 0 2 9] W9<DJB»«\ SBl^Wlcfe^T, 

Slftft L ft:JB<OSS AWISC?* 

¥ts^^-rn^op z T»si*ffM-rs c fc*t*at b 

[0 0 3 0] ^1 OCD^ti:. ^ 1 ^D5?P^^^5l^T. fiD 
e> ©»Ji«T?«R* ftnjftf fc L TO > 

3o P Z TW«*as-growi«IBrBfSBOiB B ^«ft^*S 

[0 0 3 1] \<D5£Wl±. &\ 0^lctev^> 

* ft tiKoS t »*-T ^ ^ Jbn G <DlA^m^ 
Bfffr Sg«iatft»KML^t 



(6) 



WIBT-6-5 7 4 12 



[0 0 3 3] 1113^14, LniTil-<T^/ci;o 

(a) *^-y^Ftffllin"r*m^3SS«c»Jffli-e** 
[0034] g«@g*n&««ti, Sfi*toMLft^& 

[0 0 3 5] US I 4 O^tt, m 1 3<^Wc*5^T. 30 

F^ailttBTte^ffi *) ttttfc £l fc: t U 
T<^*. »«»f*«S#fc?5ftK±5/-;l/F*a?)^ 

B6±->— ;UF<D3tjft«r-r5ii fc^TtS. 
[0 0 3 6] 

t$t-Jfy h<D&mM*7frtt><0T\ (A) ttTfiTS 40 
^cOfidS^T^^T^^. (B) fe;Hk J <D 
1EB*7jV*¥BqE|-c;&S 0 

[0 0 3 7] Ki« (A) fc^-4-¥*T¥ffi^HB"t» 
tt« 4ICI4PZT i¥S££r tiffin £ fc«><DKfi*«R D ftttt 



10 

[0 0 3 8] EdlO (B) ^^-r^;l/--tr;l/^0&ItSt ; 
tttto*-'/^ h 1 0A<P]W«a«*/l/^r- 1 2* 

c^Bli, ffi^4^>-^0 4fa<D#--<y^ 
h 1 6> 18, 2 0, 2 2*«>LT*5»3. &*-Y-y F 
l<l«*fiiaMfr2 4 £«JE«m«i2 6^^tlTb^o 
JHfi*rt^-2 8f£6fI<D£*fc3 O^DWSC 
"e^TfnJ^nT^T.fcD, rt^Cti/jD#ft^>^3 2*fll^ 
Tl^o clt0iD*ft^yy3 2^J:0StS3 0 £r 8 0 OX 
S^&3 0^rls*>tB-r^#(i:. 

<. »«3 0*»9tt:a&W*"CfctfT**S B 
[0 0 4 0] XM-y^'Jy^XtUTtiA r^XtO 

§&3 6r^tc#A"T^. 
[0 0 4 1] SfitLtttS C£0S IS 

«-Bz:«»ffcB (s i 02) *4>±tc 
itLteftia^KaL^ coifi*, tif, pt/ 

Tl/S 102/S 3«<0^t-y^M 

6, 18. 2 0ti/VU^tt8l<OP ZT^f- y-y 

0. 1 (HW^-y-y F 2 2^PbO^-^ FT? 

femLfcP ZTZ-?v h^ti, Pb (Zr 
0 5 T i 0 5 ) OsTfc^o 

[0 0 4 2] c^gMS^lTPZTg^ 
S-r^^^r^-r^o 3 6^1^1 0 5 PaW 

X (Ar + 10%Oz)^ Vy^/W/3 83b^^ 

BtCcfcOJC^S5»3 6rt<Dffi*j5:4 P aic^o. 3f@^ 
PZT^-^7M6, 18, 2 0lc(i3 0 0WT-£ 
COm^^JgAL, lflScOP bO^-^y b2 2tl±0- 
4 5 0 WO***«AUTB*©fi«l*l>Mt S a C 

ajc*Aoax*sj«n?-*«o s«*/i/^-2 8*3 o 

r pmOiaL*Tf0IELfttf6, 4 m<D2-Y v b *B» 

jfi^S^KMWTtt, ffH0fcPZT»BIO»*H8 0 0 

— 1 0 0 0 n mffe^Q 

[0 0 4 3] H3ttx S*^rSia^> 60 or. 

- . 6 6 OX:. 7 2 5°C£LT\ ltfllLfcKOBfij£^ 



(7) 



WM¥6-5 7 4 12 
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7fs?7y7~C&% 0 m&<0?b/ (Zr+T I) tttt, 
tt^*-T 0 Zr/(Zr+TI)^ 

- ■> ix to? ar- JSftfb L fc sM> ^ - $ a toamt* «iT « 

b , Z r , Tl £«*ffl^fco Zr / ( Z r + T i ) it 

if, hffljS^ffiDO. 5T'-ST'*^ Pb/ 

(Zr + Tl) Jttt. S»*fflCttfi£LT^OJ:9fc* 
ft-r^o iiiTx fro. P bO^-^v McJSA^m 
A^OWOtg'&s ^^:t)^3ffl<OP ZT£— y-; bfctt 
«rifll/^fc«^±x Pb/(ZrfTl)M»ltft 

l±Z—'fv h^OPb/ (Zr+Ti) lt*®.m?^LT 
fc£) » L**U £fci&ft*±^;*-tt-*£ P b/ (Z r 
+ T 1 ) ttfcfc 1 <fc9«'>U 7 2 5TOi0T« o P 

b/ (Zr+Ti) tt*^#<&0. ^?ST-«fl*A<4 
5 OW^tl^ Pb/ (Zr+Ti) fcfctf» 1 0 t£ 
£o SBS^l^^aPbO^-yvh^SAl 

tWi:Tt±Pb/ (Z r + T I ) tttftt 1 tC^SSHS?^ 
^?tiSfcaB»JW««Ji:cfcOPb/ (Zr + Ti) it 

^jfiuo t,5ia#j* p b «?f siss-ex l * -3 rc#>T& 

[0 0 4 4] fc*5, ^fflTfiStBlbfcBltir^UVTXlJI 

£->^*rr<, (A) ^Pb0^y7h^AfM^ 
OOWTSfifift (Ts) ^6 6 0X©«^ (B) ti 
P bO^-y v MSA**** 4 5 OWTlfifiC (T 
s) ^7 2 5TO*|^T'fc^ tf^ftOlelJff^* — >lc 

[0 0 4 5] 3»PZT^-y>v h- 3 

W7y-?$>& 0 Zr / (Zr+Ti) ItttO. 
gt'*5^ Pb/(Zr + T I) i±i± 6 0 0°CVL±V 
SiSTSa*c:it'>L, 7 2 S-CT&Pb/ (Z r +T 



12 

=fc? T i OfcZ r T i OOiKfrfftS 

[0 0 4 61 0 6fcL W£<Dl«»J*£»*fci&fci»2& 

<D^5:7kL 3ffl^PZT^AhtlIOPbO^ 
-^y h*[«Sfc»»L;fc»f^ JtaLftB^Pb/ 
(Zr+T i) Jrbtfl t4SOtd«ftP bOMSAll 
io WRKltJ:, *«LfciOZ r/ (Zr+Ti) ifctf 
0. 5^*S^*Cifc*ftZ reoitfiAWR^ateifci:*, 

ttfcZr ^>R?*Jt«. Zr^Ti 3W>fn-C«tt 
<D«t«\ Bi^Z r/ (Z r + T i ) itfcRlCf^O. 5 

r-^So cntatT, p b/ (z r +t i > it* 1 k 

20 [0 0 4 7] [Sl6fr^6frS:J;^fc:. ttKJfl«*«7 2 

SM^SOOttDttti, PbOlSAIl 
I?M^10tt^T^ o ^^0, Pb (Zr 
0.5 Tios) Oi^-^fy hf£t+tcJ:^T^#6n^P b 
©MfiA»JH-?36ttii i Sfi^soo'C 
ofc*ttcn<ofti o«<og^m*&g£A*4^*c: 

tl^olWTPb/ (Zr + Ti) ibbU©H«# 
[0 0 4 8] 07{L ffll^«S^«*fS»JWLfcii^©BI 

oassiop b*te#i±^isssjft«cfr[*h^Tx-ry 

^OPb/ (Zr+Ti) 2£$lJ»Lfc« 
SKfiftWitKrafcWd, 7^77Xffl, PbO 
+ T I Offifi* PbOWP^P7«J, /Un^D7 

7 2 5t«fc*ti, Pb/ (Zr + T L) 

40 b/ (Z r +T i ) tttf I * a *n 

ZtfK>P b T i 0&Kklft* o ^P7XM r**S, ^ 
n * arm. ft*l#^icn6©fi*S*#»fcAfc:tt*1fi 

Pb/ (Z r+T 1) M0. 7 
W±T% ^O, *t5i^^6 O 0-8 0 Ot^^gt-fe 

OP b/ (Zr + T i) fcWcflc?F-r*o Pb/ (Z r + 
T i ) tt# 1 0 OWRWSjltt^o 

so Oa«ft 1 0 kHz) *^-r 0 [rI^J; 0 



(8) 
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SIIJP : B50nm 
R«¥ : 7 8 0 

36fiC/cm z 
«g»S: 19fiC/cm 2 
#Mf*: 43kV/cm 
U-^«8S : 1 0- 7 A/cm 2 
(40kV/c mO?S?^£P*Uf$) 

[0 0 4 9] c*dJ:-5Kh WRjMAi:IK+OPb«i:* 10 

[0 0 5 0] ±&4)3IJ60!lt±. X^7^U>WX^»E 
/rt<4 P aO*£fco^TSW!Lfc*><* ^WDfcffA 
*_htffcig^<i. liiOPb/ (Zr+Ti) Jt*M fcfc 
Z> <DlC&m%: P b CQ&fiA^JS^Jtte. 6 *)Jfr&cfc 

0. 1 — 4 0 P a^f&aT-WaT^£ 0 20 
[00 5 1] ±&0*fi£flHi. ^-y-v hO«**t>-«- 

Tt»mao*SS«5ficOPZT»RS:»a<lfc^T?*S 0 
CI) PbO (Hi) + Z r O2 (2«) +TiO (2 
fl) 

(2) PbO (liB) +-PbZrOa C 2 fH) + P b T 
i 03 (2«) 

(3) PbO +Zr0 2 (llffl) +TiO (1 

ffl) + PZT (2<B) 30 

C fclC^-jT, M*T«0Z r fcT 1 <0&m&&X.Z>££ 
[0 0 5 2] «*a«(0?|-lf5S^Hai5«fc cfc S 2 

cfc^T-^^o ifc, pzt*- 

[0 0 5 3] *5SH<z>*rS;k:;l3^T«J\ IMiSit 

s«y«siiiDiiHm$Kffi-r«. ^1 oco (a) tt, 

BR?*5o S«*;U^-2 8fctt£ME*tt4E4 Otf* 
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So S*S*;l/*"-2 8tfEW8*SCfck:«fc*«63 0*4 

3 0ii, Mlt^^-TOWy^/:^ (Ed 2^ 
BD T?«*-r*#l8 4 4tc*»)*iB*^*aJ»*ti*« S 
S«rX«4-rs**fc:«v 3 4 (Q9 2#SH) 

t**««ft«4 0*OA^T*S»*;U^-2 8fr£K« 
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